Japanese emergency departments have traditionally been separated into tertiary and secondary centers. Tertiary emergency centers focus on the care of trauma and critically ill patients, while secondary emergency centers operate with limited resources and only accept patients of a limited acuity from emergency medical services (EMS). In contrast, North American-style Emergency Departments (NAED) have been developed, with the aim of accepting both critical and non-critical patients. We conducted a retrospective, observational study using municipal EMS records from 2012 in a Japanese city. Our aim was to identify patient characteristics associated with long EMS transportation times to NAED in an urban city where both traditional and NAED centers are available. The primary endpoint was long transportation time, defined as >35 minutes. Other items included the distance of transportation from the scene (km), age, sex, reason for transportation (medical or surgical), relevant specialty determined by EMS, condition severity, number of EMS negotiations until acceptance, and the reason for diversion by other hospitals. Multivariate logistic regression was used to find characteristics associated with long transportation time. A total of 2934 patients were included in the analysis. Median transportation time was 29 minutes . Characteristics that were associated with long transportation time included age (years) (OR, 1.02; 95%CI, 1.02-1.03; P<0.01), patients with orthopedic (OR, 1.69; 95%CI, 1.08-2.66; P=0.02) or neurosurgical (OR, 1.72; 95%CI, 1.21-2.47; P<0.01) conditions, and the number of EMS negotiations until acceptance (OR, 4.08; 95%CI, 3.12-5.33; P<0.01). Long transportation times were negatively associated with patients with medical (OR, 0.66; 95%CI, 0.46-0.96; P=0.03) and ear nose and throat (ENT) (OR, 0.13; 95%CI, 0.04-0.44; P<0.01) conditions. This is likely because the NAEDs fill an unmet need for patients that require certain types of care, such as surgical or neurosurgical treatment, or because they accept patients that have been refused by other centers.
Introduction
Aging population and their associated medical needs have increased the need for efficient emergency medical systems (EMS) in many countries [1] [2] [3] [4] [5] . This need is particularly conspicuous in Japan. The number of EMS transports in Japan is expected to rise to 5.3 million per year in 2023 1) . At the same time, in the past 2 decades, the rate of ambulance transports has doubled while transportation time has increased by 50% from 24.4 to 39.3 minutes 6) . Both prehospital and in-hospital systems need to increase their efficiency to maintain quality care in the face of rising demand.
Due to a relative shortage of emergency physicians in Japan compared with Anglo-Saxon coun-tries, Japanese tertiary emergency centers have traditionally focused exclusively on trauma and critically ill patients 7, 8) . Other emergency centers operate with limited resources such as on-call surgeons or on-call internists, which in turn limits the scope of patients that can be accepted from emergency medical services (EMS) transports 8) . This combination of tertiary and limited non-tertiary centers leads to inefficiency, diversion, and delayed care [9] [10] [11] . The increased burden of elderly emergency patients and risk of lawsuits have also caused numerous issues 9) . Some centers have moved away from the traditional model and have instead implemented the North American-style Emergency Departments (NAED). These NAEDs readily accept all types of patients and have been shown to contribute to the efficiency of local emergency medical services by eliminating diversion due to a narrow scope of practice 12) . Despite the evidence for improved efficiency, there is very little data available on the characteristics of the patients who are transported to NAEDs or the contribution of NAEDs during nighttime or weekend hours.
To address the knowledge gap in the literature, we conducted a retrospective analysis of a regional prehospital database to evaluate whether long EMS transportation time is associated with certain patient characteristics in a city where both traditional tertiary centers and NAED are available.
Materials and Methods

Study design, population and setting
This study was approved by the Ethics Committee of Tokyo Bay Urayasu Ichikawa Medical Center (approval number: 46). We conducted a retrospective observational study using 2012 municipal EMS records in a Japanese city, Ichikawa, which has a population of 481,732. All emergency patients for whom EMS personnel transported the patients to the hospital were registered in this study. Measures included the distance of transportation from the scene (km), age, sex, reason for transportation (medical or surgical), relevant specialty determined by EMS, condition severity, time of request, whether the transportation occurred on a weekday or holiday/Sunday, number of EMS negotiations until acceptance, and reason for diversion by other hospitals. Patients with missing data were excluded from the analysis.
Data collection and quality control
Data were uniformly collected using specific data collection forms. EMS personnel entered data both upon request for EMS transportation and during transportation. Upon arrival at the receiving hospital, EMS recorded the physician's assessment of the condition severity and their tentative diagnosis. A patient's condition was defined as severe if it required admission to the intensive care unit. Intermediate severity was defined as a condition that necessitated admission. Daytime was defined as between 0800 to 1700 hours.
Each data form was double checked by another EMS staff member to ensure accuracy. Finally, a designated supervising officer at each fire station assured the completeness of the transportation data. This data is part of an administrative record by the fire departments that is not associated with patient medical records.
Endpoints
Prolonged transportation time was defined as >35 minutes. This cutoff was determined based on the average length of EMS transportation time being 35 minutes during the study period. The secondary endpoint was the number of EMS negotiations until acceptance.
Statistical analysis
We used multivariate logistic regression to find patient characteristics associated with long transportation time. As covariates, distance of transportation from the scene (km), age, sex, reason of transportation (medical or surgical), relevant specialty determined by EMS, condition severity, time of request, weekday or holiday/Sunday, number of EMS negotiations until acceptance, reason for diversion by other hospitals were controlled for, based on a priori knowledge 9, 11) .
To determine the robustness of this inference, we performed a series of sensitivity analyses. To examine the effect in pediatric or elderly population, we specifically analyzed the effect of NAED in subpopulations (older than 60 or younger than 15). In these sensitivity analyses, the covariates were the same as those in the main multi-variate logistic regression.
For the analysis of the secondary endpoint, multivariate linear regression was used to find patient characteristics associated with increased number of EMS negotiations until acceptance. As covariates, distance of transportation from the scene (km), age, sex, reason of transportation (medical or surgical), relevant specialty determined by EMS, condition severity, time of request, weekday or holiday/Sunday, and reason for diversion by other hospitals were controlled for.
Data were analyzed using Stata version 15 (College Station, TX). All tests were two-tailed, and p values of <0.05 were considered statistically significant.
Results
A total of 3172 patients were identified during the study period, and 2934 of them were enrolled in this study. The median time for EMS transportation was 29 minutes (IQR 21-38). The baseline characteristics of patients are shown in Table 1 .
In the main analysis, the multivariate logistic regression revealed that characteristics associated with long transportation time included age (years) (OR, 1.02; 95%CI, 1.02-1.03; P<0.01), patients with orthopedic (OR, 1.69; 95%CI, 1.08-2.66; P=0.02) or neurosurgical (OR, 1.72; 95%CI, 1.21-2.47; P<0.01) conditions, and the number of EMS negotiations until acceptance (OR, 4.08; 95%CI, 3.12-5.33; P<0.01). Long transportation time was negatively associated with medical patients (compared to surgical patients) (OR, 0.66; 95%CI, 0.46-0.96; P=0.03) and ENT patients (OR, 0.13; 95%CI, 0.04-0.44; P<0.01) Table 2.
In the patients younger than 15 years, age (OR, 1.15; 95%CI, 1.07-1.23; P<0.01) and the number of EMS negotiations until acceptance (OR, 5.17; 95%CI, 1.40-19.01; P=0.01) were associated with longer transportation time ( Table 3 ).
In the patients older than 60 years, age was not Table 4) .
During the analysis of secondary endpoint, we found that an increased number of EMS negotiations until acceptance was associated with medical (beta coefficient, 0.09; 95% CI, 0.01-0.18, P=0.047), orthopedic (beta coefficient, 0.18; 95% CI, 0.01-0.07, P<0.01), and older patients (beta coefficient, 0.01; 95% CI, 0.01-0.01, P<0.01) ( Table 5 ).
Discussion
During this analysis of a regional prehospital database of 2934 patients, we have shown that in Japan, EMS appears to preferentially transport certain patient types to the new NAED. The patients with orthopedic or neurosurgical problems, in particular, experience longer transportation time. Older patients experience longer transportation time and have an increased number of EMS negotiations until acceptance.
A previous study found that hospital acceptance of patients depends on patient characteristics such as age, citizenship status, level of consciousness, the presence of drug abuse, gas poisoning, or self-induced trauma 10) . This study also demonstrated that holiday/weekends or night-times were associated with difficulty in hospital acceptance 10) . A separate study of patients with traumatic injuries demonstrated that pediatric patients, moderate to severe trauma, holiday/weekends or night-times were also associated with difficulty in hospital acceptance 11) . Our study corroborates these prior studies and extends them by demonstrating that patient characteristics among patients transported to NAED were similar to the characteristics of those who experience difficulty in hospital acceptance.
This study has important implications for emergency medical systems. On-call surgeons at secondary emergency centers may find it difficult to manage head trauma or orthopedic trauma, while decreasing numbers of these surgeons leave little capacity for emergency care 13) . In addition, the growing concern regarding litigation in general surgery in Japan has further decreased the capacity for emergency care 14) . In our study, the longer transportation time in surgical patients highlights the need for physicians with the ability to cope with a variety of surgical or trauma issues.
We found that the number of contacts the EMS made with the control team to find an accepting hospital correlated with prolonged transportation times. This finding was statistically significant in all age groups. This implies that local NAEDs serve as a last resort for the region when other hospitals are unable, or unwilling to handle certain complex or specific medical problems.
The association between increased patient age and longer transportation time or increased number of EMS negotiations until acceptance reflects the complexities and resource-intensive characteristics of geriatric medicine and the unwillingness on the part of hospitals to take on this burden 15, 16) . In contrast, NAEDs are capable of handling geriatric emergency problems, in conjunction with a general internal medicine team. The contribution of NAEDs to reducing regional prehospital transportation time has been shown in another study 12) . Our findings add evidence to the assertion that NAEDs can increase the efficiency of the EMS system as a whole. Our aging society results in an increasing number of EMS transportation each year 1) . Most geriatric patients have multiple health issues. Some of their problems are combination of medical, surgical and social issues 17, 18) . Increasing the number of NAEDs in Japan may be the most appropriate way to utilize social resources in an aging society 9, 12) .
Additionally, together with the results from our study, we expect NAEDs to have a positive effect on duty hour restrictions that have been implemented in Japan. This is because emergency physicians in NAEDs work according to a shift system and NAEDs could reduce the burden of on-call physicians or surgeons.
The present study has acknowledged limitations. First, this study was performed using data from sin-gle urban medical center. However, a study from Korea has shown similar patients characteristics in their analysis of frequent ED users 19) . Our sample size limits the generalizability of our findings. Third, because of data availability, we were unable to adjust for prehospital difficulty in confined space areas. Fourth, the condition severity used in the main analysis was determined by the initial evaluation of physicians in the accepting hospitals. It is possible that the severity may not be the same during in-hospital course. Additionally, given that this was an observational study, we need to consider possibility of unknown confounding factors that may have influenced the results.
Conclusion
In Japan, EMS appear to preferentially transport certain patient types to the new NAEDs. These patients are similar to patients in previous literature who have been shown to experience difficulty finding accepting hospitals. This is probably because the NAEDs fill an unmet need for patients who require specific types of care such as surgical or neurosurgical, or because they accept patients who have been refused by other centers. Further evaluation is needed to determine the impact of the NAEDs on Japanese emergency care so that it can inform health policy in Japan.
